FORM PTO-I390 
(REV a 1-98) 



U S DEPARTf^fENT OF COMMERCE PATENT ANB TRADEMARK OFHCE 



TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C. 371 



ATTORNEYS DOCKET NUMBER 

FUK-59 



U.S. 



INTERNATIONAL APPLICATION NO. 
PCT/JP98/01070 



INTERNAT[ONAL FILING DATE 
March 13, 1998 



PRIORITY DATE CLAIMED 
March 14, 1997 



TITLE OF INVENTION 



SUBSTRATE BODY FLOATING APPARATUS 



APPLICANT(S) FOR DO/EO/US 



Masayuki TODA et al 



. 524RecyPCTiP10 10 SEP 1999 



Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information: 



1 



This is a FIRST submission of items concerning a filing under 35 U.S.C. 371. 




B 

2. CZI This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 US,C. 371. 

3. Q This express request to begin national examination procedures (35 U.S.C. 371(f)) at any time rather than delay 

examination until the expiration of the applicable time limit set in 35 U.S.C. 371(b) and PCT Articles 22 and 39(1). 

4. \rL A proper Demand for International Preliminary Examination was made by the 19th month from the earliest claimed priority date. 

5. SI A copy of the International Application as filed (35 U.S.C. 371(c)(2)) 
is transmitted herewith (reauired onlv if not transmitted bv the International Bureaul 
has been transmitted by the International Bureau. 

is not required, as the application was filed in the United States Receiving Office (RO/US). 

6. ^ A translation of the International Application into English (35 U.S.C. 371(c)(2)). 

7. Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371(c)(3)) 

a. O are transmitted herewith (required only if not transmitted by the International Bureau). 

b. □ have been transmitted by the International Bureau. 

c. □ have not been made; however, the time limit for making such amendments has NOT expired, 
d have not been made and will not he made. 

A translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)). 
9. 1^ An oath or declaration of the inventor(s) (35 U.S.C, 371(c)(4)). 

^0. CH A translation of the annexes to the International Preliminary Examination Report under PCT Article 36 
(35 U.S.C. 371(c)(5)). 

Items 11. to 16. below concern document(s) or information included: 

An Information Disclosure Statement under 37 CFR 1.97 and 1.98. 

2. CU An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included. 

A FIRST nreliminarv amendment. 
EH A SECOND or SUBSEQUENT preliminary amendment. 

A substitute snecification. 

□ A change of power of attomey and/or address letter. 

□ Other items or information: 
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17. The followins: fees are submitted: 

BASIC NATIONAL FEE (37 CFR 1.492 (a) (1) - (5) ) : 

Neither international preliminary examination fee (37 CFR 1.482) 
nor international search fee (37 CFR L445(a)(2)) paid to USPTO 

and International Search Report not preoared bv the EPO or JPO $970.00 

International preliminary examination fee (37 CFR 1.482) not paid to 

USPTO hut International Search Rer^ort nrenared bv the EPO or .IPO S840.00 

International preliminary examination fee (37 CFR 1.482) not paid to USPTO but 
international search fee (37 CFR 1.445(a)(2)) paid to USPTO $760.00 

International preliminary examination fee paid to USPTO (37 CFR 1.482) 

but all claims did not satisfy provisions of PCT Article 33(l)-(4) $670.00 

International preliminary examination fee paid to USPTO (37 CFR 1.482) 

and all claims satisfied provisions of PCT Article 33(l)-(4) ?S96.flO 

ENTER APPROPRIATE BASIC FEE AMOUNT = 



INTERNATIONAL APPLICATION NO 

PCT/JP98/01 070 



420 Rec'd PCT/P]'0n.R4v;^^|u ^ 



CALCULATIONS pto use only 



Surcharge of $130.00 for furnishing the oath or declaration later than □ 20 fl 30 
months from the earliest claimed priority date (37 CFR 1.492(e)). 



CLAIMS 


NUMBER FILED 


NUMBER EXTRA 


RATE 




Total claims 


4 -20 = 


0 


X S18.00 






Independent claims 


-3 = 


0 


X $78.00 


s 




MULTIPLE DEPENDENT CLAIM(S) (if applicable) 


+ $260.00 






TOTAL OF ABOVE CALCULATIONS = 


$ 9[^o.cso 




Reduction of 1/2 for filing by small entity, if applicable. A Small Entity Statement 
must also by filed (Note 37 CFR L9, 1.27, 1.28). 






SUBTOTAL = 






Processing fee of S130.00 for furnishing the English translation later than [_]20 Q 30 
months from the earliest claimed priority date (37 CFR 1.492(f)). + 






TOTAL NATIONAL FEE = 






Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be 
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31). S40.00 per property 






TOTAL FEES ENCLOSED = 


$900.60 






Amount to be: 


$ 


charged 


$ 



A check in the amount of $- 



to cover the above fees is enclosed. 



Check No. 2810 



. in the amount of $. 



Please charge my Deposit Account No 

A duplicate copy of this sheet is enclosed. 

The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any 
overpayment to Deposit Account No A duplicate copy of this sheet is enclosed. 



. to cover the above fees. 



NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive (37 CFR 
1.137(a) or (b)) must be filed and granted to restore the application to pending status. 



SEND ALL CORRESPONDENCE TO 



Randall J. Knuth, P.C. 
35 10- A Stellhom Road 
Fort Wayne, IN 46815-463 1 




SIGNATURE. 

Randa ll J, Knuth 

NAME 

34,644 

REGISTRATION NUMBER 
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VE;RIFiraTXOH OF A TRANSLATION 



jh. Iy„ the below narae translator, hereby declare that: 
■ "'-v^ E^yi 'naine and post office address are as stated below; 
• :i/that I am ' knowledgeable in the English langucige and in 
:';'i:&e'|;:laixgaage in which* the below identified international 
! aj^pidb^tion was filed^- and that 1 believed the English 
Jit:fe'ii;^:iation of ' the international application PC'r/JP9a/01070 
=a'- true and complete translation of the above-identified 
' 'iete'rhitional application as filed* 

.•^i::/". X. ''hereby declare that all statement made herein of my 
'■- ;\k^lowiecJge are txus .and that lill statements made on information 
; j ai'd^ib'^lief are believed to be true; and further that these 
:\:.-;s¥.afeeWnts wer^- made with the knowledge that willful false 
I :';,bi'atement3 and ths like so made are punishable by fine or 
•^i*^pj|:isGnment, or both, under Section 1001 of Title 18 of the 
' •■Ujiii'^^^ CoiiB "and that such willful false statements may 

/,;j-e,c?p'a'2:di$ie validity of th® -application or any patent issued 
'/rtfTEeteori. 



:\.Fiill -n^me of the translator: 
; .:]Si*g6ature of the ■ translator : 



Satoshi HOSHIKOSHI 



Host' Office Address; 





2nd floor, Fuji Building 
5-11, Kudanminami 4-chome 
Chiyoda-ku, Tokyo 102-0074 

JAPAN 



1 



J.' , 
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420 Rec'd PCT/PTO i n sfp 1999 

SUBSirj^TB BODY-FLOATING APPARATUS 

•O^-iS'-l^l^^f^^^'i**^^^^ apparatus, eahsbmU body- 

VV- •I^S^.iliH -"r^^^ spedScally the present inveatiom 

' -'^Si^S^y^f^**^ "^^^f <rf resdizing a.stable floating state with 

■r^SpS'f^M^^ ^^^^^^^'^^^i™** of ^'substrate body as weU as to a snbstmte 

''^-'^^''f °^ *^-^?^iag'.'^Pa«atus capable ofkeating a substrate body 
$f 'f^^^K''^^™^®^^*^**'^* ipsini cfeanKaess of a Bur&co of a substrate body. 



■ j(-||#j^f»pa*iti» fi?^^ advaii<^.in the field of semicMidttctOT devices, the tendency 
m44:Mfj%[lfl^rat^d'4a^ fiirther promoted, and now there are 
s.fijr Bi&W;^tl^(5ed ^rodiiikaoa tecbncaogy ia the field. E^ecially, a memory 
" ~* om bfeipote advanced smicoadnctor devices formed by subjeciang water 
kins, is: BS?W pjg^ed; to enter tibts stage of Giga bit in the begirming of tho 
f^;H:«Wevei; it Sr01 become more and more difficult to insure stable productaoil and 
i ■ : -c -v-^r-i^v .f^*- a-^«mo^y. cfi^aci^ -of sevcial G-bit which must be produced in 
i/'^^'^^'^**^ wit^^xteD^a^of tl^ curreiit production technology, lb continuously 
'*?^^'T^?*'^ *4vanced functions such as a DMM with eeveral G-bit 
ff^t^S^^^^^ wader ;atsb1#c<^(!ioi!8;. there' is required a technology appUcable in water 
■ : .^l^^^^l^^S'in devio«:p^«^ctjon ht which.proeess parameters are completely controlled 
!^]t««^9Jlq\^ ejeieJ^?!*^ dfexiiemely'fi^ foiraga materials causing oontamiaatitm of a 
i ht pi apM?afclPis;b^8ed wlJie conventional technology, a wafer is placed on a 
i^jitact et^te, aiad; jva% syrfece. processing ie executed to a not-contaoting 
^^^fl^'i*^- *i*;.pp-'?ysfei!i>» ii is btecomJ^^ harder to reduce contamination of a 

:. »M^S«r:«,i?a' wa^r as a «a»bsh-ate body to be used ia the prodnction becomes 

■ * ^ 9ti2 xmhfsisxBqyAt6i for production of e4M DKAM), so that, 

^St^N^^'^-^'f •'^^^ P""^ proaeedng appatatns, it is becoming harder to 
:. :pr^i^:e^ that:s^^rftW^ (m-a surfece of a. substrate body or density 

' '^t^^S^^^'^ *^ ^^""^^^ ^' ^'^"^^-^ «n a substrate body wiU not be 

;^ 'S^7i^^1^^*''^^**?i*^'^*^ ^ «^ substrate body-fSoating appamtus 

^S^illf^t^! -^^t^^mmBist^ with leae vibration of a rotary shaft or a surface and 
a Wb^tyB^dv-fli^tia^^^.p^ heato and a fiamr&mang apparatus capable of ferming a 
Hgeleanji^ees of a s^irfece .pf a isubstrate body and with email temperature 



mi 



' ■"i^illl?^^ gradatkm m a raw matexial to 

tJ^=siibsfcraM1>ody-and iurther enabling formation of a film witii 

«^THE;lNVENTION ' ; 
_ , . . . apparahi^ accMii^ to the piesent imendrn is a suibstarate 
a|g «gjpai'afcu^!.&r blowing m air fltw tea rear sur&ce ef a disk-shaped. substrate 
'.}'^ rotate ■% substrate Kwiy. ajid has a floating v,nit comprising a group of fine 
: ;|,|?^f|>f^|e^'B to tothe-Bubetrkte bcHJy ai aceater of the appaiatus, » gjcoup of fine poies 
;.'?Sr^v?^f Jff»fe tWir^ifetrate body ^ta ceiteir ftf the apparatus, a groyp of aujaliaiy fine 
: ?;^i'P*^f"'^ yi^atioh when tfe^ substrate body ie rotated at a high spaed. With the 

lf^!i^**''t*®*'^fj!*;-^- ^^H*^ boay-flflatittg apparatus accoMing to the present 
;j if aM.iotet^; a.&ubsferfae body without vibration of the fotuiy shaft on a 

; . ; ;'^|^;j|ife ,^f th^ fioatiiife un^t and also can suppress vibratbn of a surfece of the aubstrate 

«»e.flttb8trate>dy-aoatiag apparatus accotding to tie 
| ; a jsubsi^afe body in a stable rotating state in which the 

■■ ' !^i^*?^^?Sy contax*&^^ an air flow. 

/ ■ • -Iji llgftl*^ fe^ufe^^^^^ a fine pore constituting the gmup of fine poi^s is 

: v-^*§^,'c^j*-^^^;^?*^^^ ttjai and is indin^d at an appropriate angle against a 

' '***^|?|f'^-#« :^atinS;-^ffparat^, arid; can. give a- Qoating force to the substrate body by 
'^j^aii'iUm iii.bi.4«cticm:al6n^ the inchnation of the fine pore. As a result, by 



t gxo«P Pf iine poi^ at appropdat^ positions, it 

prQ|vi^^^ cejitexing, rotating, and pr^entiiig vibmtioa 

''• featu3re^.^;d[e^ciib.ed above, th^'Bne poros are provided qh a sur^ce of tbe 

;"'yS^^i^i*m^^ -aSBuijE^tag'tB^ pomt>here th^ &n^i pom a^osses a roUtioa axis of the 
V ■■ ^^'^^t^rlp^i^^d a sitrfede j>f th& fbatiBg utat is ajvided fco four ai«as by 90 degrees, aisd as 
: • p^allel to a diagonal Hme of eacJiarea ajad 

: -^^^^l^ ^ice^te of (it^.%at^umt, a i|oatLci|f bright of 1 mm or mare caa be obfcmned and 

■'-'^^.^fji^h^^ ^ ^ 10'^ rad or less with 

■^,:.V^M^^^#^ ?^ ^«?ii*aontal dii'^tion controlM to 10 mm or belqw 

" |v fejitu^^^is '^aessedbea above, the iSne por^s &r centering are prot^ided on 
^™*^*»3i:i«fiiV^t;po^iti^^ uHifermlj and approprmtely away in the outsr 



• ■ feo<^ with an appix^riate angular s^paee 

fu^t%rj e^^^^ fs iaamed toward a center of the fioating nniK 

.Jtlbiie^*^;^ .to eufi]^^;^^ of A eub3ti?ate body in. the horiawntal direcfeion to 

' -■^^^^M^'^'i^^'-^ ^:^knmBiim^ heitht by-corxactly contromng a e^ntenn^ gas supi>|y 



t mth tbte'featuK&s a«i d<9ionbe<j above, the fine pom for rotation provided 
tbe^ffc^tiitg^ '«mt, ^md " further :tke fine pores are located at poi&itio0s 
||t|igto|^i^^ly away frtif^' a ^sao^n-taal Ikie to a circle with a smaller vadium as coiopates to sx 
n*iSL0^^j0fil^^ feub^ttateiiiWdy; wf<mii^ s. center of .a surface of tliefloating umfc and are oriented 
•iii'f^ipnt^^^r^' ^isr^^ione 'sAtet^iafi^Iy; so that a 'arotational «peed of ths eub&trat^ body, caxn b$ 




itg to dt higk speed rotajftoa:^ ^eed of aboutSOOO rpm or more by appsoji^idat^ly 
■^■■trot^^ott ^ply - ^ite. By mmm^ a rotatioiial speed of the subatmte body, 
I YiKiffcfe;0^ sMi*&ce ofAsn^H}kt& -body- and inclitiatloix of the substrate body cm h& mixio^* 

located in tha' tjangential dltecUon and oriented ia acmtrsiTsy 
. ^Jfeji^t^l^ f^^tiohQi&e disk-,6haj>ed substrate body in the clockwise diEectioa a$ 

■ ;t^elf5aairiii^e.'<^^ ditfectionica^i be coiPitroHed mx&tr stable condxtions. 

: '.i^lkimkMi^me^-^:!^^^ above» iihe aimliajy fine pores are provided oa a surface of 
- anfi &Ji^lfi€r;S«^ poi>6s ajce oideiited to a ce^ter of the floatmg unit oh a circle 

•J^&l'ik'ifei'^ I'adiuin- a^'.'ibbi^pmred to tiiat of- the ,floatii^ uijit at an aogiilsor space of 90 
\iSiBi|^i?f^tieie^ to.i&s;^^t4y side &om;the poeitions of fmes for rotation, so that, when a 
• •^i>iiSfia|^%osl^ rotat©d;'aid: a s^tatiotiai 8p.eed of the sDibstsrate body i& tsiised, the subsftrate 
'/'^SlN^iM^'^*^^ fxosjci ^mpij^. <>«t Irom the": floating appsrata^ (namely from the loatiag 
' jiui||i;^!y^ of S .iil^iie .^f a sabatrate body or mdinatxon of a substrate body can be 

'..flvVwil*;^^^^ ^ preseat iuventioix has the 

■ -©ub^r^is' ^^yr%attmf I'^f ^ aa^-okn "hieat'a substrate body withoajt losiag desnliness of 
-Sfl^tt^fi^ M^^ an-ak flow .to a rear surface of the sub^tmte body to 

ViSo'Si'^^^^ ^d heating" with m optical heating mesuis a gi^rface of the 

;^ Aiafc^|^f^||\fe als0;iaki";euppre{5S temperatiire* gradation generated on a Burfa<>e of the 

/i'\|;lb«vsjjbstra^ appar^tiis according to the present 

" l3d^lt^|4 $^'^t^:sub^rje^ can fom a film without losing deaaliRes& of 

" ^)!|^^^^^[fi^a"^'^tfete by -I^Iowiiig.aii ak-ftow onto a rear sur^ce of ths substrate body 

ijil^^ri'^liaifjsp&ei^^^^ or del^iesstiiialed 'atmo^hers^. to float and rotate the Bubstrate body and by 
pt depo^i^ irjiiteirial on a -^turfiace of the substrate body. As a restdt, it is 
i/']^0|^lil4^*.#5P3ta'a^ i^R'^iMng'lees impuritiea'or other defects. 

f:^ii|i;tli^0t featdr^/a^ described aboye^ by makbg a» inmr diameter of a noaale for 
^fe fof pAm &i|di^ttoj^ (fntd a suifece of the sanbstrate body substantially equal to an 
;"*"^:^]i|;^'^IPti)^ .su]t^^r^te'b^y;&xi4 setting- a clearance between a ti|^'of the mztle 

* gas**i^4;a;&^(s&: -tfes'substete body to 2 mm or less, it is possible to 
:j :d^|i"4:|it?l3i^^ of lHi£^-^rii3iiag apparatus which can %xm a uniform film 

^kUon d^a tawiinkteriai iii^ed for formiitig a fihn on a substrate body in a wide 



'ii-^ er^ss-se^onal ^w-^ol^maMy showing ^.n embodiment of the subskate 

vS^w toinga substrate body-floatmg uait according to tfee px^sent 

S ^ IKriS^?^;^ atMCss-s^onal Tiew 4oWi!ig a fiae.pore provided in the floating unit; 
'W' WikM^^^'^'^ vib^seS^iatJcal^ s&o^ing «n embodiment of four fins pore groups 

l-'V! ■ ■■^^:3Sv|^ of a substrate body floating p«r&>miance. 

; ; "vl^^i'^l^'^^^ acc^rSifi^ to the present iiive?ition; ' 

if^vC;' B?'^'f 1 tt^if^ 5^^^*' incliaafcim. and vibration in 

'-^01\ : t^S?^^^^ a^^defa^ of a fliMii^ heigirt, indkation, aad vibmtioa in iite 

^' ■■'fl^*^ 0f a^bs!6K^*ebodiy'.O5-&.«ateri^ rate; 

}h<TOag;a irdat^n between a rotatiott gas supply rate a^^ 



■'Xy.y':.. 



i ^'i'S;.®? #^^g ^wKiUaiy gag supply-rate iiBgoeiated with a iptatba 




a floating height, inclination, and vibration in 
iy on a rotation gas supply rate; 
aki 'embodiment of ^ substrate body^aoating ty^^e <hf lisater 

\&^0^'^^^ stewiBg 4 T^^lt <^ meaguremstit of teznpei^tui^ on a surface of a 



vi'-^ ^ substrate body type of fflm-fbrmi»g 



I'vS' iv-A^-^Jff amss^se#i<*nkl yjBw ^hemafci^ally showing a j>ositb»al relation between a 
.;y.S:' t;|^^if^-f*^^ ^#^^ii-a liOKsl^ blowing an air flow onto e^yfece of the substrate 

of measurement of a film thickness of an insulatisxg 

r v^Sf^;^^^ xftsult^of mm^nx^mmt of a film thi^lmess in a radial 

?f **-V^^i^^ msnls^g^im is'&rmed on a surfece of a substrate body by chaagfng a 

:-V ^'f^^^i^^ ® of fiim thickness when an inaiOatiag 

c. V subptr^te body changing a nozzle diameter and a distance 

d^' ptti^oe ot'tke substrate body; 



• ■ ^ :^ '(^ ^M^^ph. Bhmm^,k mmdt otm^&mv^mmt of film thickness in a radial directioti 

• V J ':* : ; a^iii^fopafia m a si^e of a substrate body chaugiag a diameeer 



minizEtum gas Sow mte required 



h : 5. 




ngumt 



■ W^f^v^^^^ ooj%iutto^ft grofup.pffiais^ pores fer floating 

porec^^^iutiag ^ gK>up o£fin$ pores for oentering 
' i-."- -V^'^ ' cc^.atttutii^g:A gm\ip of £nfe pores for rotation 

. y ■ V ';ff!^^.^ % ?are «oai^tati»g;a giopp of audliaiy fine pores 




^^^Z [ bubbler 



/ ■ ^: ia(^-v J 'l *S=Ufestrate body. • 

'•-^y ^ii-Ci.^:. ^tW^rK'^-^ ;|^al piping; s^^ * . 
/■ '.V' Jl^^l^^^; U^n 



therein 



!■ !^.. 





m CMKHNa^OtJT'TSE EMBODjfMENT 

afi5co$8[~$^<^ showing an embodiment of a substrate 

apparatus. lOO.AGccrdia^ to pr@s6at invention. A substmte body-floating 
in;^%:'i;'(X>iip^ floating unit 101, a table 1102 pi'ovid^d along an 
K^k^if^p^^p^ of tl^ floads^-unit iplv a supporting base 103 with the floating unit 101 
.:/^^^^^;|06ii th'^epn^^a boating g^e' swppo^fting port 104, a centering gas support port 
j {[^fi|J.-i;;^tai^ok g^B sujiply:por^ i06, m ankHiaty gas SfUpply port 107, an air exhanst port lOS, 
I ^-^jsc^M.fe^ 'i09, and 4,pl«?J^liiy.of fine poreg HQ provided on the floating tinit 101. 
•Vi"; yp^^^J^W jjorea.'ilo provided on the floating unit 101 hav^ the 

■ r^t^|i^|p^g:'i^ -^(fp^n 'itt Fig. ^; Namely each Sue potq m inclined at an angle against a sntfeee of 
/fes^'i^i^ p]|it*towa^4*tiLe-gli^ e^i&ii^t port. Eig. 2 shows a caist* whete the 6ne pores is 
:in^;i|iies^:^^'^^ ag^ia^st a surface of the floating unit lOl, and th^ &ae pore 
^ ; a\flire<ftii?4*in^H2&^ aw; arrow in the figuxe. By setting the inclination in &n 

^'^^^^^l.jdif^efi^n foir -fesfe^ ^,:it b^omes pcKS$ible to give a floatiio^ force to a 
i^^i^.^ jj^^^ J.^ ^^f^gt;rate body ia a 4<^sij:ed direction. 

^ a flat-^eW of a floating: nnit according to the pi^esent invention and a cross- 
ip ^ore prcevi&d oil the floaWfeg mdt, 
/^rr^j^SJBrStf^^ 2l0.i^bwn in Mg. 2 have the same form, and an internal 

■ fia^ p^e^iit tJije mdp of gm esdiknst port is -smaller as compared to that in the 
;i^is|j,$ii;^piB^ di^erent jSbrms respectively, ^nd also it is 
'l^f^^^iii^y Ihat liiteriial.diamei^-of each fine pore may be mt to an ajrMtraiy value, 
'\\- provided' on tie floating unit 201 shown in Fig, 2 compids^s 
Y^l^.?^^&^^$yQf por|e#as.dioymin -Fig*^^ Namely Fig.3A shows a group of fine 
J-]^'pi'||k-;^^ group of auxiliary fine potes, and Fig. 8C show© a group of 

;*;-):\i?Tl|^.'gi^ pbi&s'sihp^in Fig. 3 A are provided on a suri^ce of ths iSoating unit 101, 

' !'^i:ec|fd^^;^ki^^.i^^ a poisit ■ whi?^. thie &m poie 3 Ipa crosses a rotation axi? of a substrate body 

floa:tini^;:ttmt 301 is divided to four areas by an angle of 90 
!:':te^$aj^i(ih bi;^Hepi>r^S:piQ^ed in one -area are parallel to the dkgonal Jine ajad' .oriented 
.■..&"i^||^^^;^itlie Soatii^ ^tSOLl-n-Pig; BA> the Sre pores are prcfvided at a space of lOmm 
Jm^i^t^^it laijid S^5.pi4€^&.^c^f jfine 'poree.aire providled on one ama (totally 100 Sne poress on 

■■;i|;-;; j^^:i^T[^p;'Q^^ hi Fi^,3B are provided on a stirSace of the 

J aiid to|>pms,;5ldb,^ ^ilOc 'are onan eKternal periphery of the substrate body 

..iMdj'^sj^^^^ ■jtnm ^qfUter .grozb;the ejetern^l periphery at an attg^ikr ^ace of 15 degrees 

j^i^^fiS^I^^^^^ the fee'l^ksr^^^ie inc!Sne4 to a center of the floating nnit. However^ a d^^tance 
; '4^'^^iS&=€bi^*&^S :PGres^ iu the owter side from the external peripheral of the 




^■V;V;:.;-:ii(y:v: 



i'l^S^^a^;^ tiQt iiiiiited to imia, nor m angukr space between the two typG$ of fine 

;:,^^^;.|j':'j|- aej^^ anft lbe- v^u^s ofnaylte dedtted according to a flow rate of gas ini^qted 
"I -fepHp^-lite or A pr^ssur^ of tfe gag; • 

•:V-:iJr?!lf iSn^: pores ro>i;ati9to showa in Fig. 3€ are showji on a suEface of the 
r'^r^)|;^'^M 'feQ0\po]£^&ej31Od are pro^id^d at positions by 5 mm away-firom a 

; * of;arai3iii? .of 30 mm from a center of a Bntfkce of the jaoatme: unit 

•^^W^'^ fiia^&OfeajlitiB ota^t^^ in 4li^-diy@ctioa of the tangeatied line and opposite to each 
i^^diii"^ pf'tbftj&cuiticM^ proyidmg the fine pores are not limited to 30 mm 

.^-^^ Tadius is smaUer than a mdium of tfee 
?f?*?^^H ^P^y- po:s^ti<>is:ft|-wihdofei(?he Sae por^^ are provided are not limited to tliose 5 
r^^[^0|'.L^^^"'*fc^^ *a^?t|i^ line the d^ifeetion of the t^i)ig«i0tial line, may be set to 
:-;?*^||^)Sp49ie^^ ^^{fb^irat^ <ir apri&ssur^s of ga? ixiject^d from th© fiine pome. 

pores, ^owa in-P:^. 3B "are p20vidsd oa a surfece of the 
,V^I™?^^^^..^^I^*^ Poisi^^sasiort^k dioie iidtli a rMiiis of 40 mm in the outor gide fmm a center 
^- • llf !^^^^ 301>i|feRiili^ia3^,^pkc^ of 90 degrees and are ixidm^d to a center of ths 
-How^^eilf ^*iadte^ o|.^h^ di^fe oa; which th^ fim pores 310e constituting the 

• ''^ji|9;!?S^i?^ 40 mm, and be set to any valtae on 

the 'diiraut'^e'vpositioiied in.this o'ttter side &om a radiwm of the drcuifc on 

* ^P^^ foT'^ot^ijp/ii kre pjroyided. Also an Fig. SD, pores constitatiiig a group 
:;^.^|^lf^?^f pores.agB^ pT«m4ed at an angular !?pace of 90 degrees, but aLso thi^ angle may 

'i'^^^^M'M ©-jctose-^feiJti^^t^ali^eT^-aJchma^^ a ^tetrato body-flo«it?.ng -type of 

;i.ei|sie^c^^ to the p^^ttt,iiiy5e.iiti0n:; " 

^^V^^j^jlsi;^!^!;^ numeral 1000 is a aubstrate body-fbating 

;!js^^& a a<5ktlhg toitjiati 10p2 a *^«bstjt^te body, at 1003 a heatijaf chtoiber, at 

•i^^l'^^^i^'^^ at' i^pg'iifhV, at .a thermopupte, at 1007 a temperature a^^uster. at 
,!45^H^^.i^^^^^?'*^ at:i0O9':ai dispia^, at 1010 a gas supply port, at 10 H a Sow Meter, ^t 
i#t|3^^"|Sr^^;at J013-ac^M^i^)g^ an;air ei^haust port, 

i.'i;i*:.|^ith^ liO?;ih^ fteatingchanab^r 1003 i8px:ovided:on the snbetmte 

/!p(i|^d^^g;4p (m a 'fedttbm section of the heating ohambeir 1003 is 

;|t||?";|1ai^i^^ aifloatmg and^'is^tating state with an air flow blown out from the 

'aurfeicfiof.tho s^hst^^ botiy Ako the heatixag means 1004 
•;^^^S||i?is|^ iajlrai^d j^^-Jta^ 2foq'afe$d at position opposite to a surj^ce of the substrate body 
' ^"^M^^i^'^^"^^^^? lpG&^4r^|it^ frpipa tie 'heating umt 1004 is irradiated to the stib^trate 
:|^^fjiwB)t^ iie^t th© .§u|&^iaft$ l)o<iy ipp2. Accordingly^ in the p^cess of farming a filtv)^ Jxe 
; *;^j^S^^|':b<^y ^ other thsin-ah-air &ow[ so that a surfece of the substrate 

■>S?^^^||^fi|^^ 10, -tU heaiSng unit 1004 is an infrared lamp, but a light 

'v^j^; lfeii^g a 3ight;\^^-yarfeu© ■feTP^&s of wavelfength may be used as the heating means 



• f / 




;l^ i3;a i^i^f^-Sfl^^tiawL'-g?^^ showi^^ a eubstrate body-floating of filflfi- 

ir^i^f|ig'%^ ftcco^diHg-!B'4be tnceleat ini^entiou. In Fig. 12, designated at tlie'-reference 
i(20tf i a' sujfetrate &ddy-i^iii5tg apparatus, at 1201 a floating unit,* at .1202 a 
;:.:S^|^s^¥e^^^ i204ai>oss5le, at 1205 pinFTES.lbiubM©r, at 

batit yil^' ih&|FEES hiMhr placed therein, at X207 an H^b bubbfeii; at 
i^'&a^'^'^ batji tvifch tlie F^O biibbkr placed therein, at 120e a mas&^flow eonttx^iies', 
$^1^10^ ^ilica g©i, at 1212 a nitrogen g^a bouib, at 1213 an air 

?.|iM%P|^at; ^M'fi gas ^uppijf'.piarib, at 1215 a flotr meter, ^it 1216 a value, at 1217 a compressor, 

f^g^-lS. £hB fflmrfimoij^ chamber 1203 is located on tte 
appa^fes 1200 (100). Abo^ the fihn-forjnaiing chamber 1203, a mked 
1^04 %y Ibuniing a fUm is provided at a posltioa opposite to a surface of the 
l*b(iy j-lSoi; WCii by '.fefowiii^- a 'mi^ed gsiis fox fflm fermatioa onto a surfece of the 
1202 fr6m.thi^ noziie .1204 a Sim of deposited mateml is formed on a snrfkce 
:;; 0jf-tS;^':^^^^ iidk Accordingly^ a^ a substrate -body in the prot^es of film formation 

0tltef flian aii ;air flow, ^a^quantity of impurities absorbed into the film can 

■■!■;>■ ..lry?|W'^^^ ^ohe!matica% showing arjrangement of a substrata body 

::.:^i^«3^a &ai?3^X^^ Sirit feicnia&n to the substrate body. In Fig, 13, by setting 

:i:|^i:pfc|m^ 0f;tTiie nozzle 1393 for btowfeg a gas for film formation to a surfece of a 

;|^yEli|^fe^:-^^di^^ ibtemal -^iaini&ter of th^ mixed gas miKiag section 1307) aad an 

"^^i^fj^-i^m^ tfee/eulb^tK^tsibbdy J302\to tlm substantially mrm values and -also by 

■:;*|^tfi|gi|\i5^^ between' kSsi]^ of the rioiszle 1303 for blowing out a gas (namely a tip of the 

,i;^pLi%4!j|5^ itxm ^fectioji -'ISOT) iemd a's^uff^e of the substrate body 1302 to 2 nun or below, It 

■/i^_;j^|i^3^te--iQ":a a-'^Blimte\body^fljoa^ of film-forming apparatus with mailer 

I:;^6n^^i^^^i^ of £fc 'rpirtf -material .j^rayed from, the noxsk 1303 onto tfee substrate body 



^ '••vS^:';*1^:^!''*i^scnp^ ia' '3^4^ -fer. eMbodiitnents of.t^ie substrate body-floating apparatu:^ 

f^i^^jsi^^P:)^jod^ a'^^d /Mitt-forming apparatus accoi^iing to ths ps^s&iat 

i^tti^ti^it^ 'i&awingis; biifc it should be noted that the present imrention is 




i' % ?!i&#3-^^^^rtb^di!fi0en*i subifetrate bc^y-^Boa^ing apparatus shown in Fig. X ist ueedv- and a 
"i-- ^*\^^yfj^atingj]^eti^^ atmdspbaric pressure was (examined by changing 

as flii'V^lMi!; ;Sb^if ^gh^ the fine potes' for floating (Fig. SA) of th^ ibur fee po?re 
tQ. iS^.^!0)^^ the floating unit 101. In this step, the floating gae 




TV-, 





i^^t p 0 toMp/iiiaiijb C0at^riiig;g^s supply rate Of to 0 f l/mija], ?:ptati<m gas siappiy 
:#0&ixi], anikraiH^ supj^ly rata fif t& 0 [1/ min), 

^. ths/l^ut.fi^^ of fire pores fbr floating (Fig. 3A), a 

for rotatioxi (Fig. 3C), and a 
^ wafer was xtsed. 

' i-^^ii^^v^t^^"^ ,-s|6wiiig a»:exiibodiment of' the substrate body floating p.erfomaiioe 
;^psfiEtttts wij^Ji a\nK>aitbirin^ iimt provided above the apparatus shown in Fig* 1 
«mg th,0 ^ttb^i^at^' k>dy floating performance. 
ilM^-'!^?^t ^-.ffts^ga&te* sd,tKe refexeiice" nttmeyal 400 is a Soatog apparaj.xje, at 401 a 
;..|;p?^|^g^^-it35^^ -4 ^2-^' |iib^ta^ body,' &t' 403 a laser dieplacement g;aiige,. at 404 a video 
CAE^, at" 40*6 fen-AR converting board, at 407 a compiaten at 408 a gas 
& mW, at 410 -^a v^ve^ at 411" a compj^ssos^ md at 412 air 




; V;;. ^i^^^^a' rniiit* two laser displatfement gauge were u^ed for checkiRg ixiolittati&n of 

:• ** 402/.^ndit;he.yid^d catd0ta.4d4 §ox dxecMog di^jLacement of the s^isbstmte 

:*.-.[|)*o(^;r^^^^ of thB substrate body 402, aa' average ef 

v; I'^^'l^x^d^^^^^ witbtbi^vj^d'Iai^ 403 was employed. I^cl^ijation of the 

floating uEit 401 was obtein^d from -a diference- 
'' ]^%p&j^ ti^ ■faa^sHjced mi^ th& two laser diisplacement gauges 403 as well as 

;; ');^!rii;^)i^^^ Each data was recorded into a computer 

: J^it^ittlhi^ P45iA1$ (kom Mibciri) 405 and AD conversion board 406. The data was monitored at 
iifsfeil ;s^;f<B^^ 60 seidcoidSj^iriid average of all data was un&d ag a floating height of thg 
v^ody' 492 and,' the filftaximu of all data was used as inclination of the 



ip[b|itr|pl^y-^ Whea ^^^ti^klg vikation of &e substrate body 402, a distance feom a center 





tjo a .peTaier of the floating unit was obtained from an inmg^ talcen with 
: tfi6; s^^ifio^inies:^ 404^ febid the valuo Was w$ed as a vibration width of the subatrate body. 

' fJ:^ ik & ^apb sjiovri^ d^p^ijde^^^ of a floating height, inclination, and displacement 
„___^jntaf direoti<^ on a floating gas supply rat&. 

,,^^^p^j^i%^ ^^it c^ri'^.'cb^^^^& that gubstrnto body was floated wheja the floating gas 
ii.SiS^flfs^^ whon the floating gas supply rate ie highejr 

' • y'^vi^ albcwOt j^Mp^p?^^: height of «i: jsubstrate body can be controlled in proportion of h 

:l^^p^^^mm ra1^;ki^"it*.itrji^;u«derstood that, as a floating gas &ujppiy rate increasea, 

in the hori^qfital dir6«5tion becomes smaller but inclination 





;er;.. 



Y- y*f:^ik;^S^:^m^^ of a substrate body under an atmospheric 

th^" ^b^trate body ^floating apparatus ^howjx in Fig: 1 and 



f a'^pi^ly ratfi^of throtjigh pores for centering constituting the floating 
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■ : ' I -^^i^^ ^ tik'Rqitj^ ggts sisppV J^te ff was set to . ' 

; • ./;r||g^ den^iSng gas^sij^ply rsOie Rf to 0 and auxiliary gas supply mte 




! tilose in Emlrt>diment I. 

^•}; = :^^-'j^?Tfil?*?^'1^ ^*ei^t, HicH0aMoii, mid displacement 

■ • i • •■■|^|f^^^p^^ 9f a suWfacate .feo^ 9a a <?entering gas supply r^te, 

i^;|^;::v I^^Jf*^^:^ is-mites that^wheis ^a.oeafcoring gas Bvtpplj rat© Cf is changed m a 
[% y-p^^i^ f^Q.^Bg, a floating height of the substrate body Htde 

^\- ;^ V^^Vi*:V:>?f9^il!^^ i?i<db^liQfi,<>r4his*^ becc^ming large?, btit that displacement of the 

' vi'^l-Vif^^^l^^ thfe;hftda<^iii^ cfan l^ttely be reduced. When a oentfenag gas- 



^ checked hj using tbe substsate body- 
• vi'^'i^^^^ 8h*u|riJtt|^^ l ^uA c^^ging's; supply rate of gag flm^n tkajugh fine porea • 

' i '= '•'y}- * 'i ^ (Fig. -SC) and a gi^^up of fiae pores (Fig. 3B), In 

^ } I r ■!> ©&t-tol5.§ D/ min], centering gas supply rat® Cf 

^-i^^P^fp^i^a aywl aiMliary gas suppOy rate Hf 



I video camera. 

f ^Is^iffaeed on a iSiSiating: im^ and was floated and maintaisied in the 
s i 4 Spiting gas and a centering gas. After movexHent of the 
■^•"i''4i^^i:^i^f?^^ ^tabilizied, a supply rate of-ro$atioii gas gra4iaa% 
:;"•< ' ■/ jij^t^^^^s^'^:.^^ {^lb^&}n ths iMSp't^titiin'al sp^^d^ and'£t ipffciof^r^wQi Av*\-rtt%ri>«^nn i^^^^v^^-.^. ^.t.^ 



was induced. The rotational spesd Rn 
a^jjajsgi^ thereof per ujrnt time uduig images 

:'.^R'^J^^^^ -^^^ of ausiHaj^y gas was increased in proportion 

^•^••if «o that the substrata body wonld be stabilised, 

J''';^^.!:^^!^ Bi^D^^ii^;^ ^Ufem'betwe&n a=rotaUon gas supply rate and a rotatioEal 

t>9|yK-white 8 1$ a. graph showing an atsjtiJiary gas supjjly rate 
v'-^^f^i'^^*!^* Frdida'Pig. 7, it was conftaaied that a rotational 

i^.coDtml&d hy adjusting the rotation gas supply rate Efc The 



" '^p^ r^iilt df measurement of a supply rate Hf of auxiliary gas 
jumping out of the Soating \init wh$n the rotational 
11 




■ffecpjicites m^her,(iSfee that.a 6Up|>|y:rate of auxiliary gas to be supplied incnsases 

; 3iiiis|fe:i$m^th iabrfease^jf ia it^tatioml sp^d of a substrate body. 

J'-" M-lii>^^M^' ftia&odi^ substrate body under atmosf^lieric 

■•: i?3P:^^^''-W«^s:eiiamiae3vl^^ xmrn^ tfee-subsferat^ bo.dy*floati»g apparatus ^hown ia Slgi i asid 

■ rAtB;QiS-gas flowa iliimgli fine jpoTes of ths gffoup of finer pores for rofcatioia 

fiae pore? <Fjg» 3H). In this st^p, the floatix^ gag supply 
• ! "^dt^'O^f JW^;^^ to 15,5, ^i.6i ^7;S ll/miii], cexiterisig ga« supply rate Cf to 40 {l/mmj, rotation 

Hf to 0 to 7 [Vmial. 

' i ''h 'I'f^e^ifepfcojr^ we!?^ tixe ^ame as' tios^ in Smbodim^at 3. 

i?:- .^i^^Sf9ife^^^ g^raph !?3^w&;g d^pelsdeKcy of a floating hdg^ht, indijsatioii, and dispkcement 
■;; "i^idloiay^^ diri^ctito:af » sjub^fiite body. 

■ ifc wss.-Wd0tsto©d:tlm 'wh&n the rotatioH gas supply ratd Rf was mcreased, 
1' was raised, both inclixiation aad 

it iii rtiie bQ^izoiiM di of a substrate, body are redijced. Even if the rotatiou 
S|r.atelllC is .sabs^^ of a substrate body litl^e aSfected. 

it^s C03C^6ftaedith*at inteliiisiitioa and dSsj^lacement in the horiao^tal direction of 
<^t)i "^iippxesfeed by i^^^ius^ a EotatioMl speed of the substrate body. 

4:'|.4fe||Kr*^m^o^^ ^ad^tion- ob ,a surface of a substrate body under 

^tsf^^l^iiSVie pj^ss^r-s ^fijfe^che^ed byiu^itig a siob^rate body-Soatmg type of beatsr m shown 
^i^,I&Sritl^ t&e gubetf^te lH>^^-SQsitmgipp^ shown m Fig. 1. 

' I^Ja j^ XBOsiisiiag i&mpeicattt!t^ on a stirfece of the substrate body 1002 in the 

ipd^l^jalvititating. r^iatiozi tk^rmom'd^r enabling indirect measurement 1003 

hod;^.:$iDd2 !w4*s.piac^ the f[o^ttiIlig tmit 1001, and gas was supplied 
Si*^i|^ie8ii&' su^]^iil^l!^ort^'into ths Sro pore groups (Fig, SA to Fig. 30) to float and 
"%;'|f]|e:0kbal3Sa,te'i?(^^^^ ^as supply rate Pfwas set to 15,5 tl/iiiin]» 

^6^!g&W^#iy s^ie/^^^^ totation 

>.3.0 {l/riiiig,- jind- awiilM^ gas Hf to 4,0 p/mia]. 

i0^ati^S:li^-:iS6 was tiarned OH to imdiats iiAaifed rays from outside of 
chamber % h^atiug ih^ sqb$trat4 body in the heati>i:g chamber 1003. 
1006 WQB^l^t^A at ai airbikary point in the apparatus and was oontrolled with 
I^ESt^tf [adjustVfe at the position would 50, 40» and 30oC. 






pfie^^tum <i3l.jEi Eiurfeee of the substratiS body then was measured with the irradiation 



'^|ti sifcUiwB a resiili Mmst^-amtamt of teBipa;ature on a &viAm of the substrate body, 



■^"''■J' floated, while Fig. IIB shows a 

;f W-% state where the aubstmte body m mt rotated, 

I ;\. fii distaaee of 30 [nam] or mote m th? mdial direction, 

fli^^jiJs.^ ^j^^ snibatrate body does ncft rotate 

jj'; • r'^p^i-;;?^??^^^^' floatii;^f^.gas StQpi .feiHerithe stib^at-e body is remarkable, Ifemperature or 
„i:^ ;"* hbdy cipse'd tothat of the floatLug gas, and tempemuiie on 
'J H'-^-^lf^!-^'?^^^ tempejatareof th^£loatmgg5La, 

: .17 : 5#"*'^^i^ Fig. llB tbAt, whea the substrate body is floated 

.^.jU^^^ «^«tr«tte body litfcte ^memUd, It 

^'•/^^^i^!*^^^^ icl^M^d'i^i^^hex^^ S^he4omento.oiDt3urs because floating wm-mmai asad 
V.';:-^^^i^f|*j^f^^ ta.T<itatadii of the'subtoate-body or because keat delivered 

teiopemture at a peripliery of th^ 
t if^^^B^i • i^'ehd©ai qii t^ie .e"^erimftntfll conditions and shows tbe subi^atisHy 

guessed that this phenomenon occurs 
% : ■; . ort^k cpBiding aB^'e^s^-Mge' of the sjxbstrate body is large $ttid-thermal " 

i':. ^-f^^l^fif^:^^^^ i^M® ?e<5t^oai because of a large ^rJ^ee ama as compared to that m 



gradii|Sx^tt;|e^^^ of etbout^l'C wae recogaized on a 8Ui?&.ce of a 

J5wb$^ate body-floatrnj^ type of he-ater-aceo^rding 
' ' if^^^l!^^^^ .is^Btib^'^ig,^ li[B)v .It csta!be (5oasid0red that temperature gradation to tlto 
'{Ifg^ei;^^^^ even when a material is deposited on -the heated 

for film;fi^S3!f^i9A/.;sbjd tWt fito=tIlkknass. gradation is not generated in a 
•S ":;i#Pf^p^''^^ W t^s^ stab^m'l® Body .and also heterogeneoue distribution of a raw material 

|i;^as^l;fflrned\<i^^^ temperature on-a snrfece of a sub$tmte body was most 

yrJ|ositi^f •gas/.ip^ of tke floating gas is essential for suppression 

fe. oif the substrate body> 




on a 



/jf formed on a surface of a substrate body in a 

^^^^^^^a ■stai^|ii0i^ body-floating type of film-forming apparatus 

^ b4;^i)ag|% ^ufe^rate bodyi-acating apparatus shm^B in Kg, L Then film 
fl^'^^^^** ^ Was exaiijined' by cManfing a relation betw^n an 

|iil^^ete^ of a fpr folojiving a gasfor Blm formation onto a ^urfec® of a substrate 
i||''jaM' ei^f naJ -.d^^^et^i-; p.f the: substrate body and a deamnce between a tbe 
p^^x^^tiie gaV.e^ 

5'](V''-jS%i3!^|.?: ? ^rc^s-s^eibEonal view TecbenaaiticaPy.iihowing' arrang:ement of a Bubstrstte !>ody 
I ,; ji^^i^' for ^Wiig.'g^i jfor ISlni formation; The- nosisle comprises a 
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^'^J^h/;f^Wo?*,se^ti^^^ &r iutroducing two typea of gas for film 
^&^S).'.and H2O)* .combined, and a mking section for- 
. S^ilbWGg^ea^ptioi! dnmdicsit^s an internal diameter of 



;*'.:";f^S^v^?^|^if^^^ gft^-xas^^if ■si6"6tipi^^^ depth of nozzle (mrsed-.gas mixing 

':-V^^p^^^^^^ indicaifps a Scje^nce betweea a tip of the noKste (mised gas mX%m% section) 

formation; thre® OCgHg gmupe axad onis F %mxLp are 
V :i;i^c^6|^'f9/^ ;p£#erfcies of % 'PTES ar« shown m mi« 1. As oa of the 

y^il^^l^P^^ F gro«^>i::so;^fc£i^ the' Ftt^ very reactive and reacts wHth water ^Mi&r 




■ 1 ' 4* . 



ing use of th^ physical 
ra:i(^atloa gt^jaer^ted in a peripheral direction 

if « ^laformiig ciftin^er ll^oaVas shielded. Then each floating gas was supplied 
% I ' , V'- /^g'^jil^ll^fe^^^^ fclife- ^^sfc^A^e Wdy 1202. D-ry gas sttpplied horn a compjressor 1217 was 
^^^l liquid xTikrogen to farther remove moist«re firom the 

i:.vaa::;.;; !s^|^^(^*e ate )PaS'.Meed=as the-£baiing fas, A flow rate of each floating g^is was 

■■ valv^a2l6 .and; .Hieawed ^with a flow meter (manufactured by SOTC, 

V^^l^ ^Iw^te h^dyWM waB-stabUised to some extent, mised gas* 

•v. . . .• ^ v^^^ a:^rfec.:of ihe substtate body to a^ceeute CVD processing. 

af a nds^ia at M mked ^ inl^t port dn was s«t to 40 {mm] and a distance 
wa? to 10 fmmj. 
1206, 1208 witiii FTES and HgO bubblers pkced 
jSind 4pti, and the vapor presswed wag set to aii equal 
len gas with moiature having been removed 
as danisir gas and.silica 1^11 was 






. .ft {16:^, rate; of lOG [ml/min] from bomb .1212 ajfid 

^. 1:1, Vfhm supplying PTES and HgO into the 

M mX^. % prevent aa in?jen>ai pressure ia the 
! was sucked with air pump 1213 E^^m 

; i ■ . -^f ^iSl^^^^i^ mte^fe^' the |feotai jgas'Sa^d rate-to Iceep the internal pressure ^% a ^J^nsfemt 
^■''[\ C^^fhW^P^^^^ mm^^-^t^ .B^"^^ wa§ kept at 25*C .a&d CVD processing was exeoutsd 
.' I ;.;.v tJitefe^e^'.of-a^t Ma^tilMing '&m. formed on a surfece of th& substrate body 

; microscope (SIM). This measui^ment was carried 

■ body, in tMs-esperunent, as shown in TahU 2, the 

t^t6*Pt;cBi*en^^ Cf; rotation gaa supply rate Rf; tmi 

*■;.;: 1 cha«gf^d-accor<JiDig tot hedsviatioia rate. 
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1 • i* a.^i^fe «|i|wmg a^tft^tt^ (yf^asuremsnt of £lm thkktiess of an insulating fflm 

S of a^ubst^te body; It .is understood from Fig. 14 that, when a delation 

^ r OS iirges (20mss]k, 10 md or ;mox$), film thickusBs gradatioji varies in 



tJODU- 



, !]^i.^^|;=satk^.-.^ itpm W.Wife^^S that,'-wlsea a deviation rate of a substrate bqdy 
ji'S^*.,:";:^^^ or':tesbX.-fijm thi<^ti^as gradation is little geii^^rated in the pmpheml 

► mm. and 1 rad or more is unreaHsiic 
L is used* Am>rdingly, when-a jSlm is 

' :!=Cr^^f ^js^tijmg to.th.e present iElvmtiQn is us^d, it is possible to form a film with no mm 




..5V ' : i\ 




5 ia that the g^bsfcrate body-Eoatiag 
mn in Fig, 12 with the substrate body-flqatixsg apparatus 
15 




iiiwrib^^^ftLej^ki w^s iised'and that a fbatdng gas supply. rate was 
^ dep0^i|4 film formed on a surface of a giubatrate body ia a floated and 

t l9l;^^l^^'^^^ ^a^irii?3a!(s, flci^ting gae.^aii)ply rate Ff was &et to 5,0. 15.5, and 21.6 
'"I'-l^^if/f^^*^^^^ 4.0-Ii/miis]; i^otatioa gas supply rate Ef to' 200 p/mmi 

Hf t6 4{|Fmm|/KP^Ie:diam6te^ dn to 40 [mmi and a di^awe 
*f JiioM& tipF -sind'stib^jx^t^ body hn to W Imml . 

^^-^ grgypb|sN^^ a mmit of .xneasureiaeat of ftbi thickness m the mdial 

®^ -a' swrfe.ee of a fewbstrate body changing a 
! If^li^f '^"^^^ ?^ is^imdefstqqd' "firom -Fi^. 15 thaf a- floatmg gas supply rate Hitk 
|f^^^g^|^|4^P.!4 6f Mm;St{ii<^^;m tfee^radial direction. A number of fme pores Ibr Soatmg 

ca^ U cj^n^iderfd t&at, evea if tlie floating gae s^ply mte is 
fi^a^an'-quUet port of each fme poxe does not become so high 
=if|)§f^iNi^^^^^^ §pe©d-^ little a^^ected^aa cpmp^te'd to a case of other types offing pores. The 

%ti^|r gg^- s^ppiy.i^te incr^asee, but the floatm^ gas mp-plj 
WMh] iBmpn^h fcr:'i?<bt%' a sutetmte body, so the inventor cofi$idei^d that 
||l^^|i!fe^;€^.hi^^r.^^^^ afate'^fts-Timfecessaxy, and that Bm thickness gradatiDU m 
)n OB- a fettr^ee of «i sub^tmte body is not improved by adjw^ing the floating 



1- 

.i-'f.'. 
■1% 



■i^: -Bh'H^ offflm-fOTming apparatus shown la 

r. J©^HP!^i^^ apparatus Wiown in Fig. 1 incorporated thet^in was 

*.;.. ft^m Embodimont 5 in that a mzzh diameter and a 

■j: ''^fe^|i5^p-i^^ a'scibstrata "body-^-^te changed when fonning a deported 

;'::.f^^,^'ll.®^|^^ *^^:^Si^^e;bocb^; m a ^ated andiotated state. 

F^i^e^atmg c^jid^^ m'fchis .embo^iineijt iacludes the floating gas supp^ rate Ff 




^^'U a>^aph ;igibowin^; ft a^mlt of measurement of lilin thicknessi in tiie radial 



insukii3a^:fl]ka &^ed on & su?&ce of a substrata body changing a 
n^t mxd fl di^nde betWisBn tH^ aoazle: tip and a substrata body. It is lantdorstood 
^;V^;^^|f?||^^*l' *^ ts iti^e i&iotiod when a -distance between the boszI^ tip. and a 

" 5& 5 mi^;=05^:;i^<tel''^ that .this phenomenon- o<sctt^d 

''I '^l^^f'^^f^^ti^ ^ ntmfe was imped&d by gas iBjectod feom under 

i '::\^^;"q;^|H^^^ Bas>as:difcgd b'efore reaching; a surface of the substmte 

[ ;"-*f^|f'fii#^^ the distance is large, the reaction pcroceeds befbm 



m 



:;A.f^x||ffi*||oi^^^ tbatit.|>3:«tt^,iitea the rfeactbn. Also it wm turnsd 'out that, 

: 1*0^1^.^^^ tetaiicei^ sirm^ if tip imsle di&fia&ter is too small, a film caa BOt 'bs Ibrmeld 
; |si(i,|-?i|t^^ i£^^$4;Tfad;^v^tos fu^^ that the phe^aomoRon oecxinr^d because the 

^f- l™it4»^:to'i^. fe^c aE^ a fiqt? rats wa^ small due to tlie small aoiszle diameter 
■ uf^rf ^\ibs%^ld^ ^kt^id by'.the Ao^tmg gas. Also it was turned out that, whm a 

.tJj^^ftAi "a surges of the substrate body wa(& limited to 1 mm ot 
v'i t^^^^^-?^ b0;foiiiiecl ^tt'xJ^i^h speed. In iK$ ea(5e, however, it W5ts confirmed that not 
• intermediates was- deposited on a suffice of the 

^y^pdj^^ It was giii9$a^^ t^t tips, pt^nom oecTirred because the distance between 
ft surf^ce'dfi.the Mbstrite body was too. arnaU, the mised gas >^id not flow 
^'^^'^^^i^'-^^ ^i:^<^;c^;tJM sttbsti^te .body, and "aiesided for 8 x^latively long tim^ on the 

sfe i^lf^^^f ^^^ii^ r^s^uSt.alw^ in Fig. 16 that, when a no2!§l® diairoter is 

SiE3»edi in-a.wi4er range: The inventor guessed that this pheaom<&non 
the:\iijrisr^ ;g4s._eo^\"h9^ be supplied over a surface of the* 

^1?*^^^!^^^'^!^^ a.no^sle.with a .ia}pger ^iass^tier,- However, when the uosale diameter dn ie 
1 fiSd.li^h^^ hscame xmx^ renmrkabie. It was gtie^eed that 

^'if'^^^^ii^ the.g^s ipj^ofed &om under ths substmte body yrent into 

' the'sio^le was diinted by the floating ^aj^ and the density 

j'5*: *;-p*?§^^^ that ii wag^netseesary to set a distanc«^ between the nomh 

t^: about2 mm mi also to make the nosste- dimeter 
a homogeneous film in a wide range on a 
''^!^fy^??fl^|-H -Namelyhy 'gettiiig closer a noazle with a lai^e dtametsr, a Mm 

of injectsd.gas to a surfece of the substrate body can 

'l"^;^^^ ^f^^ -^^^ %-mising (sn^q^Iying) the gae for film fomation 

thsj^-w-^s a-conbem ahout.th^ possibility that a residing time of th^ gas 
;..j^-'||3p|>^E^^^ affect gradation of film thickness, 

-.'j'^lff^^^i^ ^^tho ;fa§.;in.iiie'Tadki ^iTec^tion'onia surface of the substrate body was q^ck 
;p.**4sec whm a rotational s^^eed Rn of the substrate body waa 200 rpm, and fox 
thms^feaS^kfe^^e iiit^wtor e^ a WdJng thaae ofgas on a surfece of a substrate body 

^^e.jBto'ltiiicSaa^ 



i^ody-feafciis^ type of fihtt-lbrming apparatus shQwn in 
shown Sn Fig, 1 incorporated therein was 
-"'^'^'-bui;'^^ Embodiment B iu the point that th& noasde 



0t. ;!i 
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^' %v ':! y'- '■' 



' -jii^fefe^i 4p.^ .a- I'otatiio^^JB^ -Bp^A ojtlli^ giibstjr-ate hody were changed when a deposited filim 
:i;pf^|:"lip?^ Burfa€^;;of ibfeeisubat^^ body in a floated and rotated state. la this case, 5i 

iilb^^'^fe-S^ jcmxedt i^mded sothat-aa ifji^ction speed at outlet poxt ofth^ nossde 

rf^o 'M. li^tpCpe of the mlsing section 'was sst bo ti^t mismg time "was 5 
l^^^l^J^i^l^li: ^^ dbtsiijtied m'B]^nbodimel4t 7, a distance between tiie nozzls tip and a 

';^':^;.;:fpfi^|E|^ pi this ©mbodiment, the floating gas supp?y=rate Ff was 

■::'^|i%i;|^*;:'5^rP^^ -svqpply .rsnte-Of to 40 [I/EainJ, ratfttmal speed of the 

;i#t?!i8^^^'l^o^ to 2.(3i,q,\^iQQ,700, B6o.rpm,atmIiaiy gas supply rate Hf to 40, 6.0, 7.0 {1/ 
vF^f^'S^f^^^^'-^^f^^ 1?p 40,. 6p,* 70 -^im^vattd. a distance between th? ixoask'tip and a 
to g.i^m. : ■ . ' ' * 
-fe" ^ grapJbil^o^m^ a rssiilt of mefsisur^mGiit of ftim thickness in the radial 
aa meuHtiiigiQiQi ig formed eha«tgi4g a noz^de diameter ai^td a rotational speed 
;ij^tst,body: It is ia^jT^^ fitjm F%. 17 that, as a rotational of a substrate 
s}^ Mi^^^r k-uMfe tie formed in a wid«r mnge. The inventor guessed 

^Ki^sn&n o#aii?ed b^ whea a rotational s^eed of the substrate body is hii^h, 
lireed^of the;'mib;ed...gas'iDi the .radidi .dkecfcLon on a buAc^ of the substrate body 
^^i: kM a c^^jenic^ lifett^een ^^jjjsitjr of the mixed gas the upstream section and 
;;\i&jEi^,;M^|icb:!"^ from this result, it was confirmed that, even 

lii^ft^-a^^mtrife bodi^ ^;g[.floaieii'afed effected by floatir^ gas blown from uixder the substrate 
: ;.i|rt^;|-1i^-j^U'^^^ ^cti'<]i4;^^i4^'to-tie.iBtk'^ type of CVD apparatus is effected. However, 
,;,i^^^^o^';i>f 't^e puB0i|^iii3:g .fibtloji'aiid Bdaii^ um&rm film in a wide xmg^ were 

..■j,-te^igr^^ ;oal^' when th4 isitsni^diimeter of tbie n^i&sfe was 60 'xmn. In other cases, a uniform 
;f i|)||^j^3^|;TO^ that this.'piheflonieinon occuirred because the mixed 

'i^s|^^?dE|ifed-|)y the%^ [ * 





: ■ v/-;j%^fe&|H5m^ the. substjpate bbdy-fioatin^. type of heater as shown in Fig, 10 with' 

i|1i$j;|r^Up^4|^ in Fig. 1 was used, and' -a floating 

tbstifile body Wd te'm^ej^ture gradation on a suyfece of the substrate body 

. '■;*: ^' V-.; 

By cs^innectiJig a Vacuum pump <not shown) to the air ejttaust port 1014, 
;||^s^g^;)5^i^:ii^e€^^^ chstMbj&i[:'^ltiOd>&^ coiAtroliiBd iio an appropriately depressurised' state* 

we:te thlg' sto^ as those ia Embodiment 
' J';^'lf^H $k^^y!^^ ^ p^^p^i dim^^ gas fiow rate required fosf floating a 

"l^ui^i^iafe^d^ m^)tt. <^.ihe heating chamber is depressurised. All of the gas mtes 
■ v^lue[5%n<tet io'C- sind'l'atiKio^heTOpressurs. In this cas.ej it was visually 

..,^_.^t.t^;.^bfjM^'te^ tnthlnaboutlmm.Alsotqetabiliaie 
^^^^ij^^l^^^ esshaust rats from a center of the control unit was 




fe&m Pjtg. IS tlnat tfe substrate body-floatiag apparatus ajccordijsg to tine 
; j'.i^ipe^l^ljf^^ coiii^./SfiaVa &ub$t3'ale-b(>^^ even m d€pr$$@nri^d atmo^her©* Fig, 18 



j .jB^^iS.:A='i%^liii in stai^-wSiere4fae p-tieesurt! insidis the appaseatus was at masimwm 400 Ib^r, 
'f=|Sli|jiife;^^ firtibstimiQ tody ooTild ie floated t^v^n when the presstune m the 

i'/r'';; ,'i,-jialsVii>feMnd^ ii5 siife^ .pressure ingide the apparatus is lowered, a i?;iinmum 

bn-oH a;:§urfaee'-of a substmte body is a depresmmsed 



-.l.^tiE^^jfei^.W^ skownmFig. 11), and it 

; wassuiSciently es^ecuted evea muder depressurieed conditions. 




■ S^-'- -ii^Xxi'pi^Esb^ tM m^ktt^U body-floating type of film-formiikg apparatus ,as ^bowia 

, ;.;|tiSl^^;J$;M^ pL'B stijbstrate b(3"dy-|foatisig.appamtu$ as showa in Fig. 1 incorporated theirem 
■; .J/^«i|'jiij^3^;si4d ^ dep■(^^^tb3 iSlm^^ais feyiaed on- -a siirfece of a substrate body itx a Qoat^d and 
I liti^t^i^ls. M thiis ^p', a viucttttiia pump (not shown) was coaaected to the air exhaust port 
: ;•; t¥i<&^|E?^e^ iiiside'of;the film-foiining daamber 1203 to an appropriate level; 
' ^ J > ;-4;:'^44i:^03?iting .co:?^ditio!is -tlbie same-as thtjse in Embodiment 6. 

'^;^l^fdt^ of >xperi^ .this' • embfldimexit (uamely a residt in a depressun-sed 
•;Vi:^"jit^^5^34)fl$-'^ dbtainsd under 'the atiatn^hexic prassuxe (as shows- iti 



|| ?^d it ; was 4<>ixfind(e4 that -fibn formation could be performed evea under 



('•ti>'&is|&V^^^ Also by makittg u$e pf the substrate body-ioating 

;/^'^piai||siMi& to'ixe .]^^3ii^s^itit ij;^yej5sti<>», it is posaible to obtain a substrate body'floatiaig 

L-L- ji **--4,f^pg|i^=^pp^p^^g wWch cafx form a fiilm with uoiform thiekii^iss ia a 
'cfeiaiiliiteas;t>f a to&ce of a snabstrate body a%d with smaU tempemtwe 




V -1 ^ 



i aw.ak flow onto a rear mthjB& of a disk- 



/.i'S^Si?^^^ fl*^'^ ^M.'ro%te the sii&stmt^ body compmittg a •floating unit; 

; . ; : W%t^s^x^|^^ a .groiap of feae pores for floating tlse substrate foody, a 



• '^p^fe'^g?;^]^ P<*^s for .c^isterfeg and fixing* the laubetrate body at a qe?iter of the apparatus, a 
;i;fe2?^^;^^^ l^lie «ii3b»toie a canter ofth^ apparatus, and a garoup of 





apparatus aocording (xj Claim 1; wherein fine pores 
-pprei^ ai«:prfivided .<iiiS a surface of the floating unit, 
a ^fcfefe pf thefloatiiiag ajppamtus, 



: CJ:: •■ I Itod-aiS ^ifir flow W.iii3ect^d 



J in a direction of the inclination. 



■ to Claim 2; whereia the gK>up of fine 

;flWti^^ are pjqovided on a diirfeqa of the floating unit, aad assuming that the 
|^!^^r§'a i^tio4''^£is 6iik^ ^wbstrite body jis an origin ad a surjfece of the fioating unit 
ir asBBts- by jau angiilar gtpiaee of 90 degrees, files provided Iti oae area at^s 
le and'.af^ oriented to a center of the floating unit. 

T /: -j''^^",^'^^-^^ Boc^iflbalthjg -appafftfoa aooordiiig to Claim 2; wh^tein thft groi;^ of Ere 
i • , v"|i5£6g;'i^;<^^ :pjrovid^ou;a ^susface of ths floating unit^ the fiye poxBS are located at 

'^'^'^'''^^ifijb 5^ substrate body or in the outer side from the ^eriph^iy 

i are oriented to a center of the 





F : i: . : appar^tiiig accprding to Ckim 2r wherein the ^oup of §m 

-vi'^-"* ^^i^^ iog^ Btsnrface of the'floating timt, and the jSre pores ar* located 
J&O.: !;.[St:iRii^|fenS^^^^ an i^approp^^ tangential line to a circle with a radias 



■ ^i-:*'":v*=.*l. 's- *" :■ ^"""l^^'^ll^li!^:!^ .sd^strits^ibcK^^ (k^nwn ham. a center of a surfece of the floating unit and 

••■■"i- -tf U i.5p^^iSi^^e kri&!pdented.in the iSangential direetion-m opposite directions alternately. 

• ■ ■ ■ ' ^'•.;'|^":;^|J^-.;-st&tes.te bodjr-iloalinj^.ap^i^ttts 'according to Cisim 2; whei-ein the. group of 



)' p^^d)3d'on a^jrlkae of the floating unit, the fin<& pores are oriented to 

r. r . = ^f^:^t^i)f the Jidatib^-nnit a:hd;located on a periphery of a ciifcSe in th© outer side than the 



Ws^fe^"^>?Vr<|:aUon"^M^ '^t the floating unit at an angular epace of ®0 degrees 




;!•!:"•• -if i -j. I 

air iicFw. isr&fefWii 6i a iisaf ^uri&ce of the substrate body to float and ratate the 
«^ ^i^ft^® of Sie sub^teate body is ideated by an optical heater, 

'|:§l;^|:^*|:^)^|tmi^ ^ody-^flC&^iim^'- type of 'fflm-fee&tmg appamt^& h^ivmg the substrata body- 
--£^^^^^^^1.^^^ wli^m an 5ilr:flw is blow onto a rear surface of the substmte body to 








I atjoptbsphetic pressured or under depresBudsKid 
it ifi^ of deposited ibaterM on a mxSa.ce of the subatrata body. 



-fleiatj^^^e of fjjm-ferimng apparatus According to Claim S; wherein 
fi^^ of i iitqz^sie for blowing gas for film formation onto a surface of the 



.^^ r-.-Tv.-^™ ^ ^xtenii^.diiamefc^r of th§ stAbstrate body are mt to the eubstantially 



I?f*?5l^^^ -^f ^ <^i'&fi^ift«<>8^ ^i^itwiae^i a of the aoszte for blowing the gas and a sur&c^ of 
■ :.|l^i^?il|Mr!ate body i$ ^et'to i mm or beilowi 



■ I 



■! ^ 
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•ABSTRACT 



: i--^-': •^"'■■viV/-'V!.;\t5M^ inyeiitw*^ 'to provide a substrate body-floatiiig apparatus 

t -f^ • ii; '•>'■■;■•■ * 'L?*?1^|^%'^???^ Sftit& s^eiibstifate. body with less vibratioa of a rofe^tion axis 

j .'1 ■''■^'i: If:'.!* '^-' r^^J^-L^'^^?^®-*^^^ $1 /hi&at?&r anS a'film-fomm? appsaratus capabk of foramig a 
•r ' • iV.'v'^r'f'; V. ! 'S^fe^lilb?^^ cleanliaesis o£"a ^rfetoe of a substrate body and "with ^mall 

body as w^H small density gradation of a 



, "t ■>' I.. 

vm 



. ;.t?i^W;'Kfe^^ U]^d for ©rniimg it jfiM on si substrate body m a wide area* 




to tho present invention has a fbating 
i .^' V ISJ-v flSg^&g and tofetJjftg a:dite&^i^aped ^tibstrate body by blowing an aiif flow to a rear 



I < -: l i'^; "^^S^ gTOUpof fiU6 pores for fioatjag 

i •'u<s^^^^l:J'.'A i^'i^^^^fi^^'l^ a j^itmpjof/fine poi^. fo3? .SKJTtig tbn* subsferate foody at a ceatet of tli$ 
^ • •x-:'*";-- i^«uUw!^L4«;;^;^ttp t^^^poreadforx^ptatiag the substrate body at a center of the apparatus, 



.13 ;.'•!; -jy. 




f is.r6tats«i it iahigh .^eed:--^ body-floating type of heater and 

I abovf^ respectively. 



'ill:; 



;»f '^^ floating unit 
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Difecti(Hi of fim por$ 
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WitaiBKHiiwHn gli ms 
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(A) A group- of -fine t)or95 for floating unit 



$'on B circi« ukh radius «f 7S 2sai 



ih) k i^rmp of flmppt^p for o^ntsrin^ and a group of ausiiiary 

■ - •;.i^^^■•'•v' • ■ . . ; fine pores 




7 . -''Svv^k:; 



■v:.h;;i^''.?:^ai- 



(c) A grw.of fin© pores for rotation 
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Floating .^^!s simply rate 

1 n-f 1 uensEja ovor « f I oat 1 ^ 




(M luenoe over inaUnatiOT of & mHr 



te) Inf tueirtcs ciyidr disple^wrrt of a vrafer 

in the horizoirtal direction 
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•1 y-: 
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. Floating .«ie 6i«Jiply rate ft/fs^) 
CbJ Inf Ju5inca over' ifjelinsstion of a wafer 



'C • 



I 1 ' i /f ii )mln if ^ w f .i n i |JtluMft» Wl jft *A*A»< 



' 0 m^%m Htm 





















floating gasiswiy'rstt B/usleJ 
id the horizontal dlrsction 
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mm 
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Irtfiuenc© ^ver s fl'trating height 




Ml 2.- n . 



CbJ Influence over tnctinstlon of a wafsr 
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if$ ■ Influence, over. tfispUqe?B?nt of « mUr 
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laijjcititp^r^twr^ gr^^atfon on 5q surf^??^ 5?f a wafer Cihen rotated) 

.>|.ij|ii..4|Uii| II i ■! j|"M| III g I yii*i II 




tenjparatiwe 
tempera turt 
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I > » •* 



i^yim>^X^^^^ on a $Mrf ac^ <>f a Mfer(Whsn not rotated) 




\v\ ti« radial ijer^stion of a w^ferlmBtfiJ 



1. ■ 



Mm- 
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I nil I' |N|f|lifll|ll| I 
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D (Stance J n tns 



' ^ OeWettw-cf e wafer KIehkh. tOrad or inore 




^ircul^f angle t&egr^s] l^tian time s^^Strefts 

U Oeviation of a waf^r '^m Iriid pr less rra.-i-Mi-a : % 
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(a)'tf Ut«sKie between i nTOle 
•tip asitf;a siri^Qtrate Srsti 




tip ar«i a eubstf^te ; 2m 
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(c) fft^toCB between a rwzite 
tip artd s substrate : ta 
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C^)Distsand.e.. between, a fiozits tip and ^ si^strsts : Ita 
nozzle diafnetef' : 40m 



(b) fiictg^e betw^ ft nozzle tip and a sUbstrate r 2fnsj 
' nozzle d{sffltat«r 
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Rsdl al d i r ebt i on 

BUtanoe:bet«seBn ^ xmi\^ tip and « substrate ; gnsi 
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ATTORNEY'S DOCKET NO. fUK*59 

pcT/usA mrmki deciaratiok akd power of attorney 
m U.S. ?mm kmimm^ 
THH mim STATES pmm m trademark office 

UHDEH 35 U.S.C. SECTION 371(c)(4) 
As a betoH narRed inventor, we hereby decLar^ that: 

.Our, res Hence, -po^t office pddr^ss and citizenship are a& stated below ftext to my name; 
' I verify jyeifcve I am the origrnaL, f;rst and sole irivehtor <if only one name is Usted below) or a Jo^nt 
%mmxoc M jb^Wai iirv^ntops ara named below) of the invention described ?od claimed in international application Ko, 

■ PCT /JP9^/01l) ?Qf entltfcad; SUBS T RATE eODY FIOATIHG APPARATUS and as affieocfed nn . „ Oi anyJ, 

i^ich t have r^isMed^f and I understand the contents af the aijove identified specif feat ion, i pel lading the cUims, as 
amended by any amenfcteit referred to above and for which I soUcit a patentj that I do not know and do not believe that 
this invent^ort. «a& .eyer known or us^ed in the United States of Afnerica before my or our invention or discovery thereof, or 
.patented or*desbr1fciecl* iln any printed publication in any country isefore my or our inventfon or discovery thereof, or roore 
th^ one year'f^ior to jny international" wU cation; that this inventfon was not in public use or on sale in the Unltisd 
States o.f Ameripa for rrare than one year prior to ^^iy international application; that this invention has not been patented 
or irjade the- subject of. an inventor's certificate issued before the date of my international appticstion in any country 
foreign to the pnked S.tates of Arfterica on an application filed by me or my legal representatives or assfgt^s ffiore than 
ti^elve months bfesf ore Iffy international application; that I acknowledge my duty to disclose information of which I am aware 
which is material to the examination of' this application; ar«i that p^ior to filing said international appt>cation, 
application? fos* patent or irtventor^s certificate on this invention of discovery which have been filed by me or tiry legal 
representatives" or assisris in any coLS^try foreign to the United $tate$ of Anierica are as foUows: 

<a> none T.U,gd nK^re thaf) 12, nint hs prior to said international application , unless najned below; 

Cb> earUest file d les s than 12^ nionths prior to said international appUcation Cthe priority of which is hereby 
clfefiaed under 3^^ U.S.C. Section 565); 

J^nese Ai^U cation >jo« Filed on Narch 14. 1997 

, 1 her^ ctaioi the benefit und^r Title 35, United States Code^ §t20, of any United States application<s) listed 

ibetcw and, insofar the subject isatter of each of the claims of this application is not disclosed in the prior United 
'Stated application in the manner provided by the first paragraph of Title 35, United States Code, §112, 1 acknowledge the 
duty to disclose material information as defined in Title 37, Code of Federal Regulations, §1.5^{a>, which occurred 
between the filing date of the prior application and the national or PCT international filing date of this appUcation* 



^Aj:|>h'<jatton Serial Ho,) 



(Filing Date) 



(Status) (patented, pending, abandoned) 



t t>ereby a}3point Randall J- iCfivuth,. Regis. No. 34,644, and Victor f. Lohmann, in. Regis. Ho. 33,951 of the firm of 
'RAN|>ALl J PX. . as attorney(S) to prosecute this application and transact a£l business in the Patent and 
Trademark Office connected therewith. 

' ' I deciare further that all statements inade herein of my own knowledge are true and that all statements made 
■5niFprf»3tTon and^ellef are believed to be true; and further that these statements were made with the knowledge that 
■willful false igL^tements and the like so made are punishable by fine or imprisoncnent, or both, \mder Section 1001 of 
Title IS of thffi' United States Code arsd that such wiUful false statements siay jeopardize the validity of the application 
or any patent i^^ued thereon. 



:^;^%teUhofn j?oai _ 



0I8ECT TeiEPKONE CALLS TO: 
Randall Jv. Knuth 
Telephone; 219-485-6001 
Facsimile; 219-466-2794 



'Futi name of so^e or first 1 nvent or ; Has avuk i . TOD A 
Ae55fdence .Jahtjg^ta; ke n JAPAN V-^A 



Citizenship Japanese 



Post Office Add^e^s ,_M ^LM^ashi. Z-ckm^, . Yonezawa-shi , Yaniagata-ken 992-0026 JAPAN 



Inventor '4 Sf 




Date . 
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Full name of z^^tnd mventori jjagaru ljM£DA '^^^^S^.^^ r,::^^^^^^^ 
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Post Office Address . c/o K^ s hifei Kaisha Watambe Shoko. 2-'t6 Nifiotibashi-Huromechi A-chmis, Chiiq->:u, T okyo 103-0 022 JAPAN 
^a ^^^^g-^t^^ . l^4l^&^ik Date . 



Full name of tMrd Inventors YoicH? ^A^jllQ 



SesiderKe; ^fi^gi-ke]t> JAPAS Citizenship Japanese 

Post Office Addms 51-503 atema<:hi Aoba-ki^. $enOgf- sht. Hi^vatiT-ke n 98Q-P8Q5 JAPAN . iS^XX^ 





0 



. , fgit name of fourth inv^r^tor: Tactehiro OHMl 



S^$ictenc«i Myagv-kgn JAPAff ^--^S^ Citiienshtp Jaiaanese 



Fdst Office A<jdr^s9 1M?-3Q1 . Komegafaukuro 2-chota&. Aoba-ku. Sendai'shi, Wfyagi -ken 980- 0813 JAPAH 



Inventor* a Signature . 




